Ergosterol was identified as the major free sterol of Aspergillus nidulans by thin-layer chromatography, alumina column chromatography, gas-liquid chromatography, highperformance liquid chromatography, UV spectroscopy, proton magnetic resonance spectroscopy and mass spectral analysis. Lanosterol, the initial cyclized precursor of ergosterol, was identified as a minor component of the free sterols. In the steryl ester material, however, lanosterol was usually more abundant than ergosterol, suggesting that the esters serve as storage compounds for the membrane sterol precursors.
B . E . S H A P I R O A N D M . A . G E A L T
Sterol extraction. Frozen cells were lyophilized and then stored at -70 O C until extraction. Soxhlet extraction with acetone was performed for 48 h. Samples were maintained in darkness during both lyophilization and extraction to avoid light-induced degradation of ergosterol. The acetone-solubilized material was dried by flash evaporation and the lipids were extracted from it using anhydrous diethyl ether; this step was required because non-lipid material was also removed from the cells by acetone. Sterols from the ether extract were further purified either by thin-layer chromatography (TLC) on silica gel 60 or by alumina column chromatography. The following TLC conditions were used: (a) hexane/ether/glacial acetic acid (85 : 15 :0.5, by vol.) was used for general lipid separations; (b) benzene/ethyl acetate (9 : 1, v/v) was used for the separation of 4,4-desmethyl from 4,4-dimethyl free sterols; and (c) benzeneln-hexane (1 : 1, v/v) was used for separation of steryl esters and triglycerides. Lipid material was visualized after TLC by charring the plate which had been sprayed with phosphomolybdic acid (lo%, w/v. in ethanol) . Alternatively, visualization by long-wave UV was used to corroborate the location of various compounds with characteristic fluorescence (e.g. the violet fluorescence of ergosterol). Sterols and steryl esters were separated by alumina chromatography using an ether into hexane gradient increasing in 5 % increments. Alumina (A1,0,, Woelm Neutral, ICN Pharmaceutical) was hydrated with 8.0 or 8 -7 % water before use. Free and esterified sterols were located by absorbance at 282 nm, which is characteristic of ergosterol and other A5v7 sterols. Precise location of sterols eluted from the column was achieved by analytical TLC of individual fractions using solvent system (a) (above). TLC using solvent (c) confirmed the location of the steryl esters. To saponify steryl esters, the appropriate fractions from TLC or alumina chromatography were suspended in 5 % (w/v) KOH in methanol/water (90: 10, v/v) and refluxed for 1 to 2 h. Sterols were extracted with ether and neutralized by backwashing with water. The saponified material was stored at -70 OC until analysis.
Analysis of sterols. Gas-liquid chromatography (GLC) was performed on XE-60 (1 %) on Chromosorb Q, 100-200 mesh at 235 O C using either a Perkin-Elmer gas chromatograph, Model 801, or a Hewlett Packard GLC, Model 5840. Both instruments used flame ionization detectors. All retention times are given relative to that of cholesterol [relative retention time (RRT) = 1.001. High-performance liquid chromatography (HPLC) was performed on a p-Bondapak C-18 column (Waters, Inc.) using 100% acetonitrile as the mobile phase. The effluent was analysed by UV absorption in an LDC Spectromonitor 111 (Laboratory Data Control). Retention is indicated by comparison of k' for the sample peak to k' of a cholesterol standard la, = (k'sample)/(k'cholesterol)l. UV spectroscopy was performed on a Beckman spectrophotometer, model 24. Mass spectral (MS) analysis was performed on a Finnegan Series 402 1 GLC-MS instrument with a Series 6000 data system, using direct probe for sample introduction. Proton magnetic resonance (PMR) spectra were obtained at 360 MHz at ambient temperature on a Bruker instrument, model WH-360, in CDCl, with Si(CH,), as internal standard, at the National Institutes of Health sponsored PMR regional facility at the University of Pennsylvania, Philadelphia, PA, U.S.A. Ergosterol (Sigma) was recrystallized from ethanol for analytical comparisons. Lanosterol was the gift of W. R. Nes (Drexel University).
R E S U L T S A N D D I S C U S S I O N

Ergosterol as the major free sterol
Approximately 0.5% of the fungal dry weight was found to be free (non-esterified) sterol. When this material was examined by GLC, only a single component, with a RRT of 1.36, was observed ( Table 1 , experiments 1 and 2). This retention was identical to that of authentic ergosterol. When free sterols were purified using the silica TLC method, which can separate the 4,4-desmethyl from the 4,4-dimethyl free sterols, the material which co-migrated with the ergosterol standard also showed only the GLC component with RRT = 1.36. Using HPLC, ergosterol (ac = 0.73) was the dominant peak, comprising at least 84% of the total free sterol. The A . nidulans ergosterol (from experiment 2) was purified by HPLC for further analysis. . Especially indicative of ergosterol was the presence of a doublet for C-28, indicating an additional carbon on the sterol side chain, i.e. the methyl addition at C-24. The addition of a methylene at C-24, present in certain ergosterol precursors, e.g. episterol, shows no such peak in the methyl region of the spectrum. The location of C-2 1 on the spectrum was indicative of the presence of a A22 double bond in the side chain. These spectra are identical to those previously reported for ergosterol from other Ascomycete species (Adler et al., 1977) . We conclude that ergosterol was the major free sterol of A . nidulans, totalling 85 % of this sterol fraction.
Lanosterol as the major dimethyl sterol Minor sterol components of A . nidulans were observed both by GLC and by HPLC. The HPLC technique was apparently more sensitive to minor components in the sterol sample, being able to resolve components which were masked by ergosterol in the GLC. Lanosterol (RRT = 1.54 on XE-60), which is known generally to be the initial dimethyl precursor of ergosterol in fungi, including A . fumigatus and A . oryzae, was thus a probable trace component of the free sterol fraction. A component with this RRT was found in the dimethyl fraction of our free sterols (Table 1, experiment 3) . This peak corresponds to the HPLC component with a, = 0.89 found in both experiments 1 and 3. In experiment 2 lanosterol was undoubtedly eluted within the a, = 0.84 peak, the deviation in the retention probably being due to the presence of other components, e.g. the a, = 0.81 (dimethyl) and a, = 0.85 (desmethyl) components observed in experiment 3. Examination of the dimethyl sterol material from experiment 3 yielded a PMR spectrum which contained several peaks consistent with lanosterol as the major component: C-4 at 0.81 and 0.98 p.p.m., C-14 at 0.88 p.p.m., C-18 at 0.69p.p.m., C-19 at 1.00p.p.m., C-21 at 0.89p.p.m., and C-26,27 at 1.67p.p.m. While not totally confirmatory because of the weakness of the spectrum, when taken together with the TLC, GLC, and HPLC evidence, the presence of lanosterol as a free sterol seems certain.
B . E . S H A P I R O A N D M . A . G E A L T
Components other than ergosterol and lanosterol were observed in the sterol material purified from A . nidulans. The component with a, = 0.81, a dimethyl sterol observed in experiment 3, may correspond to the GLC peak with RRT = 1.89, based solely on their relative prominence in the respective analyses. Retention characteristics indicate that this component was both larger than ergosterol and more polar than lanosterol. Known ergosterol precursors in other organisms, such as 24-methylene lanosterol or 4,4-dimethyl fecosterol, would behave similarly to this unknown. Positive identification of this component, and others, awaits purification of larger amounts of material.
Steryl esters of A . nidulans Quantitative differences were apparent from a comparison of the composition of the free sterol and steryl ester fractions from this fungus. The requirement for ergosterol as the major sterol appears to be restricted to the free sterols; in only one case (experiment 2) did ergosterol predominate in the esters. The lanosterol content was consistently higher in the esters than in the free sterols. The other components observed following saponification of the esters might represent various sterol intermediates being accumulated by A . nidulans as occurs in other fungi. The amount of ergosterol precursors in the steryl esters was seen to increase in S . cerevisiae as cells entered the stationary phase (Taylor & Parks, 1978) .
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